Introduction
============

Hyporeninemic hypoaldosteronism (HH) is a type of renal tubular acidosis (RTA), also referred to as type-4 RTA. The aldosterone deficiency results in failure of hydrogen and potassium secretion in the collecting ducts, disorders in sodium reabsorption in distal tubules, and hyperkalemia-induced impaired ammoniagenesis in the proximal tubules.[@b1-imcrj-11-069] The net effect is a reduction in potassium excretion, resultant hyperkalemia, and acidic urine due to loss of the ammoniagenesis-related buffering capacity of the urine.[@b1-imcrj-11-069] There could also be a mild hyperchloremic metabolic acidosis. This is distinct from the other types of RTA where there is accompanying severe metabolic acidosis due to the inability to acidify the urine.[@b2-imcrj-11-069] The commonest renal disease to produce HH is diabetic nephropathy, but other renal disorders may also produce it.[@b3-imcrj-11-069] In fact, most cases of HH are associated with mild to moderate renal impairment, where the renal impairment on its own is not enough to cause hyperkalaemia.[@b3-imcrj-11-069] Despite this, the condition is still underdiagnosed in patients with diabetes mellitus. We report a case of a patient with secondary diabetes mellitus who had no obvious renal disease but developed chronic hyperkalemia requiring repeated treatment and was later found to have HH. Written informed consent was provided by the patient to have his case details published.

Case report
===========

A 58-year-old Caucasian man presented to the endocrine clinic in 2008 with a 3-year history of chronic and intermittent hyperkalemia requiring recurrent attendances to the emergency department to receive urgent treatment with intravenous calcium--insulin--glucose therapy.

He had a long history of chronic back pain for which he had been using non-steroidal anti-inflammatory drugs (NSAIDs: indomethacin, diclofenac, and ibuprofen). In 1999, he had an urgent splenectomy for a spontaneous splenic rupture. A few months afterward while on holiday in Egypt in 2000, he was diagnosed with acute pancreatitis and secondary diabetes mellitus requiring urgent treatment with subcutaneous insulin. In 2008, he was seen by the neurologist for a 2-year history of symptoms of painful neuropathy and poor balance. Nerve conduction studies confirmed diabetic sensory-motor neuropathy secondary to poor diabetes control. Prior to being seen in the endocrine clinic, the patient had been advised to reduce the intake of potassium-containing foods and to avoid the use of NSAIDs as it was thought that these may be contributing to his continued hyperkalemia. Despite these interventions, the hyperkalemia and recurrent attendances to the emergency department persisted. His medication list at the time of presenting to the endocrine clinic included Humalog® insulin at meal times, human insulatard insulin at bed time, and calcium resonium powder to remove excess potassium.

On examination, he had no abnormal clinical findings apart from peripheral sensory loss affecting his feet. His serum creatinine and urinary albumin-creatinine ratio were normal, and an ultrasound scan revealed normal kidneys. Therefore, renal impairment and diabetic nephropathy were ruled out as a cause for his hyperkalemia. He also had a normal short Synacthen (adrenocorticotropic hormone stimulation) test, which ruled out adrenal insufficiency. Further analysis of his serum renin and aldosterone levels revealed low serum aldosterone levels and inappropriately low serum renin levels consistent with a diagnosis of HH. He was not on any medication that would influence the renin--aldosterone analysis and he had been seated for at least 15 minutes prior to venipuncture. The sample was obtained and taken to the laboratory within 15 minutes of venipuncture in accordance with stipulated standards to ensure proper and accurate results. [Table 1](#t1-imcrj-11-069){ref-type="table"} shows the results of investigations carried out, which excluded adrenal insufficiency and renal impairment but confirmed HH.

The patient was then started on fludrocortisone 100 μg daily and furosemide 40 mg daily for the hyperkalemia. His potassium levels remained in the normal range thereafter. He was also able to stop taking the calcium resonium powder.

Discussion
==========

Hyperkalemia is defined as a serum potassium level above 5.0--5.5 mmol/L. It is usually asymptomatic but levels above 7 mmol/L can cause neurological and hemodynamic consequences, cardiac arrhythmias, cardiac arrest, and respiratory paralysis.[@b4-imcrj-11-069] Severe hyperkalemia is a medical emergency which requires a series of treatment steps (intravenous calcium to protect the heart, intravenous glucose and insulin to enhance cell uptake of potassium, beta-adrenergic agonist therapy, diuretics, or gastrointestinal cation-exchange medications to increase renal or gut excretion).[@b5-imcrj-11-069] Pseudohyperkalemia which is seen with difficult venipuncture, hemolysis and thrombocytosis should be ruled out by repeat careful venipuncture when possible.[@b5-imcrj-11-069]

Over 90% of oral potassium intake is excreted through the distal-collecting tubules of the kidney and this is in exchange for sodium. This sodium--potassium exchange is dependent on sodium delivery, brisk urine flow, and an adequate response to aldosterone.[@b6-imcrj-11-069],[@b7-imcrj-11-069] Low plasma sodium or low renal blood flow, stimulates the conversion of prorenin to active renin in the juxtaglomerular (JG) cells in the kidneys. Renin converts angiotensinogen to angiotensin I, which is then converted to angiotensin II by the angiotensin-converting enzyme (ACE) found in the endothelial cells of the capillaries throughout the body. Angiotensin II causes arterioles constriction resulting in increased arterial blood pressure. Angiotensin II also stimulates the secretion of aldosterone from the adrenal gland. Aldosterone stimulates renal tubular reabsorption of sodium, while at the same time causing potassium excretion into the urine. Therefore, aldosterone resistance or aldosterone deficiency due to impaired renin production from the JG cells, as seen in HH, will lead to impaired potassium excretion.[@b6-imcrj-11-069],[@b7-imcrj-11-069]

It is difficult to ascertain the prevalence of HH because patients are often on several medications in the presence of varying degrees of impaired renal function, and the condition has variable presentations. A previous case study has demonstrated that a large proportion of patients with unexplained hyperkalemia have biochemical features that suggest HH as a commonly overlooked cause of hyperkalemia and should always be suspected when unexplained hyperkalemia is found in patients with only mild-moderately impaired renal function.[@b8-imcrj-11-069] The diagnosis of HH is based on finding chronic hyperkalemia in a patient with no obvious cause (such as renal failure, use of potassium supplements, or potassium-sparing diuretics) with a low serum aldosterone level and a low or normal serum renin level on biochemical testing. Primary adrenal insufficiency should also be ruled out.[@b9-imcrj-11-069]

There are various causes of hyperkalemia (glomerular disease, adrenal failure, potassium-sparing diuretics, potassium supplements, etc) as well as several causes of impaired renin production of which diabetes mellitus and NSAIDs are relevant to this case.[@b10-imcrj-11-069]

Diabetes is thought to cause impaired renin secretion through 1) direct injury to the JC cells; 2) defects in the conversion of prorenin to active renin; 3) autonomic dysfunction with reduced beta-adrenergic stimulation; or 4) a primary increase in renal salt retention with volume expansion, which suppresses renin synthesis.[@b9-imcrj-11-069],[@b10-imcrj-11-069] A previous study revealed that about half of the patients with HH were found to have diabetes mellitus.[@b11-imcrj-11-069] In addition, diabetes and hyperkalemia are commonly found together because of insulin deficiency, kidney disease, HH and use of medications such as angiotensin-converting enzyme inhibitors (ACEI) and angiotensin-2 receptor blockers (ARBs).[@b12-imcrj-11-069] Previous studies have found an association between HH and the microvascular complications of diabetes, namely autonomic neuropathy and diabetic nephropathy.[@b13-imcrj-11-069] However, most cases of diabetes-related impaired renin production are associated with mild-moderate renal impairment.[@b9-imcrj-11-069],[@b10-imcrj-11-069] It is also important to remember that the presence of hyperkalemia in patients with type 1 diabetes may be due to concurrent adrenal insufficiency in the case of autoimmune polyglandular syndrome.[@b14-imcrj-11-069]

NSAIDs cause raised serum potassium levels by decreasing renin secretion and impairing angiotensin II-induced aldosterone release. However, the hyperkalemia is usually mild and associated with NSAID-induced renal impairment or if there is concurrent use of other drugs that raise the plasma potassium level such as angiotensin inhibitors and potassium-sparing diuretics.[@b15-imcrj-11-069],[@b16-imcrj-11-069]

The treatment of HH usually involves the use of fludrocortisone (100--200 μg per day) which is a mineralocorticoid that promotes the reabsorption of sodium and loss of potassium in the renal tubules.[@b17-imcrj-11-069] Electrolytes must be monitored for the occurrence of hypokalemic alkalosis while on this medication. Alternatively or in addition, diuretics can be used to increase renal potassium loss if conditions such as hypertension, heart failure or edema are a concern.[@b17-imcrj-11-069]

The patient in this case report had inadequately controlled secondary diabetes mellitus for several years before the onset of hyperkalemia. He also had a history of prolonged NSAID usage; however, the NSAID had been stopped a year before the diagnosis of HH. His renal function was completely normal. Painful diabetic neuropathy was the only diabetes complication he had at the time. He was not on any potassium supplements or potassium-sparing diuretics and he did not have biochemical evidence of adrenal insufficiency. In the presence of hyperkalemia, his serum aldosterone level and his serum renin level were below the normal range. Once started on oral fludrocortisone and furosemide tablets, his potassium level rapidly returned to the normal range. Every time he admittedly stopped taking his fludrocortisone for a few days, his potassium levels went up again and quickly returned to normal once he restarted the medication. This happened a few times when he occasionally felt fed up with taking his tablets in general. His serum potassium levels remained normal while on the fludrocortisone. We believe that poor diabetes control contributed to reduced renin production either by direct damage to the JG cells or impaired beta-adrenergic stimulation as part of diabetic neuropathy. It is possible that prolonged used of NSAIDs may have contributed to this. The fact that there was no evidence of renal impairment makes this case interesting and may have contributed to the delay in diagnosis. Since the diagnosis of HH, he has developed other diabetes-related complications, such as retinopathy, autonomic gastropathy, and very mild diabetic nephropathy.

Conclusion
==========

We have presented a case of HH in a patient with secondary diabetes mellitus but no renal impairment. We believe the HH-induced hyperkalemia in this patient was caused by the poor diabetes control and possibly exacerbated by the prolonged use of NSAIDs. The delay in diagnosis gives credence to the notion that HH is an overlooked cause of hyperkalemia even in patients with no other obvious cause. We hope that this case report will not only add to the existing literature but also, most importantly, highlight the fact that HH is a commonly overlooked cause of chronic hyperkalemia and should not be forgotten.
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Results of the investigations

  Biochemical test                                                         Laboratory reference range   Results
  ------------------------------------------------------------------------ ---------------------------- ---------
  Sodium, mmol/L                                                           132--145                     134
  Potassium, mmol/L                                                        3.4--5.1                     5.9
  Chloride, mmol/L                                                         95--108                      102
  Creatinine, μmol/L                                                       50--120                      78
  eGFR, mL/min                                                             \> 60                        95
  Bicarbonate, mmol/L                                                      21--32                       25
  Post-ACTH cortisol, nmol/L[a](#tfn1-imcrj-11-069){ref-type="table-fn"}   \> 550                       617
  Renin, mU/L                                                              5.4--60                      5
  Aldosterone, pmol/L                                                      100--450                     \< 75
  Anion gap, mmol/L[b](#tfn2-imcrj-11-069){ref-type="table-fn"}            8--16                        12.9
  ACR, mg/mol[c](#tfn3-imcrj-11-069){ref-type="table-fn"}                  \< 3.5                       0.5
  Glycated hemoglobin (HbA1c), mmol/mol                                    20--44                       96

**Notes:**

Post-ACTH cortisol is the cortisol level after the adrenocorticotropic hormone (ACTH) stimulation test to rule out adrenal insufficiency.

Anion gap is calculated from serum \[(sodium + potassium) − (chloride + bicarbonate)\].

ACR, urinary albumin-creatinine ratio, a screening test for early diabetic nephropathy.

**Abbreviation:** eGFR, estimated glomerular filtration rate.
